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Method for fuel injection in an internal combustion engine and internal combustion 
engine 

Field of the invention 

5 

The present invention relates to a method for fuel injection in a cx)mbustion engine of 
piston and cylinder type in accordance with the preamble to patent claim 1. and to a 
combustion engine in accordance with the preamble to patent claim 6. 

10 State of the art 

The problem of high NOx emissions from conventional diesel engines arises from very 
high combustion temperatures in limited portions of the cylinder at the time of ignition, 
due to combustion taking place along a defined combustion front witii low X numbers 
15 (air/fuel ratios). 

The various arrangements which have been adopted with a view to preventing tiiese 
emission problems of diesel engines include combustion engines which are known by die 
designation ATAC (Active Thermo Atmospheric Combustion) and may popularly be said 

20 to be a combination ofa diesel engine and an Otto engine. In theircase. apremixed 
fueVair mixture is introduced into the cylinder and is ignited by compression when the 
working piston is in the vicinity of its top dead centre position in die ignition phase 
ATAC engines afford considerable advantages, particularly in the form of small , 
NOx discharges and high efficiency which approaches that of diesel engines. ATAC 

25 engines overcome die problem by using a substantially leaner mixture (with high X 
number) resulting in lower combustion temperanires due to combustion being initiated 
substantially simultaneously within widespread regions of die combustion chamber. The 
overall result is a more uniform temperature distribution. 

30 In combustion engines of the kind which employs combustion of a homogeneous 

premixed fuel/air mixture, it has been found possible to overcome die emission problem 
with regard to harmful pollutants. However, this type of engine suffers from a number of 
disadvantages, including a narrow load range. This means that acceptable operation 
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depends on ignition taking place in a limited situation close to the top dead centre posiUon 
(TDC) of the working piston. The commencement of combustion depends on severa] 
parameters, but primarily on the temperature in the combustion chamber. As this 
temperature.itself depends to a large extent on the charging pressure and the load, the 
5 pomt m time at which the ignition of the gas mass commences will vary substantially 
This means poor engine efficiency and that the thennal loading on the engine will be 
large tf ignition takes place too early, which tends to occur at high loads. If ignition is 
late, the efficiency will likewise be poor and the combustion incomplete, resulting in high 
HC (hydrocarbon) emissions, which tends to occur at low loads. A further problem is that 
10 the ignmon commencement point is not stable. An example is where the ignition 
commencemem point is in the region around the dead centre position of tiie working 
piston. An infinitesimal change in the ignition commencement time relative earlier 
Ignition towards TDC causes an infinitesimal increase in the engine's thermal loading 
resulang m higher temperature during the next cycle, and so on. thereby driving the 
15 igmtion commencement point still earlier relative to TDC in an escalating pattern wiU, 
harmful consequences. 



Object and most important characteristics of the 



invention 



20 An object of tiie present invention is to indicate a method and a combustion engine which 
eliminate or at least reduce the disadvantages of the state of the art. 

This object is achieved according to the invention by a metiiod for fuel injection of Uie 
kmd mentioned in the introduction in accordance with the characterising part of patent 
25 claim 1 and by designing the combustion engine acconling to die feamres in the 
characterising part of patent claim 6. 

The advantages of combustion engines of the kind which employs combustion of a 
homogeneous premixed fuel/air mixture are thus maintained but the disadvantages of 
30 such engines are avoided. A first quantity of the fuel which is to be involved in the 
combustion process being introduced as early as the air inlet phase in onler to establish a 
homogeneous fuel/air mixture, accompanied by the usual diesel engine practice that the 
remainder of the fuel which is to be involved in the combustion process is directiy 
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injected into the cylinder for conventional initiation of its combustion, means that the first 
homogeneously mixed quantity serves as a preheater and ignition initiator for the quantity 
of fuel injected subsequently. 

5 The principle of the invention may be applied in all diesel engines and with different 
diesel fuels. In particular, the invention may be applied to operation with fuels that do not 
readily ignite, such as ethanol and methanol. In conventional diesel engines run on 
ethanol, it may in certain operating situations be possible to run the engine on pure 
ethanol, e.g. at high loads. At lower loads, however, problems arise with operating with 

10 pure ethanol fuel, so a so-called ignition improver, e.g. a nitrated compound or, for 
example, polyethyleneglycol, has to be mixed into the fiiel. However, ignition improving 
additives in the fiiel entail not only increased costs but also, in many cases, adverse 
affects on the engine. Such additives do in particular involve risk of affecting the 
lubricaUng oil and of deposits in injection pumps and ducts, as well as problems with oil 

15 cleaning equipment. 

The invention makes it possible, without adding an ignition improver, to run diesel 
engines on fuels which do not readily ignite, such as ethanol, since the homogeneously 
mixed first "shot" of iiiel wiU in praaice act as an ignition improver and also, as above, as 
20 a preheater, so that the injected second "shot" ignites reliably at the desired time. 

In diesel engines with more conventional fiiels, such as diesel oil, the invention is 
particularly valuable during cold starts but is also applicable in other operating situations. 

25 Engine operation may be optimised by varying the ratio between the first and second fuel 
shots. It may be mentioned, by way of example, tiiat in normal running at full load it may 
be possible to supply a small first shot of fiiel, or even no fuel at all, in order to establish a 
homogeneous fuel mixture, while at lower loads it is desirable to have a larger shot of 
established homogeneous fuel/air mixmre. As the previously mentioned ATAC 

30 combustion produces very low NO, emissions, it may be advantageous to arrange that the 
fijel supplied at no-load and low loads should respectively consist exclusively or largely 
of the first shot of fiiel which is supplied in order to establish a homogeneous ftiel/air 
mixture. Good results may in principle also be achieved if the same quantity as tiiat 
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constituting the first shot is used during the whole period of operation. The invention is 
thus not limited to improving the conditions for the normal combustion of directly 
injected fuel. 

5 It is preferred that the first shot be supplied already in the air inlet pipe, as this 
arrangement ensures that the fuel/air mixture supplied to the cylinder is advantageously 
homogenised. Further advantages are achieved by various aspects of the invention and 
will be indicated by the following detailed description. 

10 Brief description of drawings 

The invention will now be described in more detail on the basis of an embodiment with 
reference to the attached drawings, in which: 

Fig. 1 depicts schematically a combustion engine equipped accordmg to the invention, 
15 Fig.2 depicts schematically a control system used according to the invention, and 
Fig.3 shows a diagram of the combustion pressure and the movement of the injection 
valve as a function of the crank angle of a combustion engine according to the invention. 

Description of an embodiment 

20 

The combustion engine 1 depicted schematically in Fig.l is of diesel type and 
incorporates a cylinder space 2 and a piston 3 which is movable in the cylinder. The 
cylinder space 2 has leading into it an inlet duct 4 and leading out of it an outlet duct 5, 
each of them provided conventionally with appropriate valves. In the usual manner, at 
25 least one injection nozzle 6 is installed in the cylinder head for direct injection of fuel into 
the fiiel chamber. 

According to the invention, there is in addition a second fuel nozzle 7 installed in tiie inlet 
duct 4 so tiiat tile fuel supplied via this latter nozzle during the induction phase creates the 
30 possibility of establishing a homogeneous fiiel/air mixture. 

The control system in Fig.2 incorporates a conu-ol unit 8 which is supplied with signals 9 
representing engine operating parameters such as engine speed, load, engine temperature. 
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accelerator pedal position, exhaust composition etc. The control unit 8 is designed to 
control an injection valve 10 in order thereby to control the fiiel quantity injected via the 
injection nozzle 6. The control unit 8 is also designed to control a second fuel valve 1 1 in 
order to control tiie supply of fuel to the second fiiel nozzle 7. The control unit is 
5 preferably programmed to optimise the ratio between the fiiel quantities injected via the 
nozzles 6 and 7, the total quantity of fuel injected and. where applicable, the times when 
the respective injections take place relative to die engine's crank angle. 

a 

The diagram shown in Fig.3 thus illustrates the cylinder pressure as a function of the 
10 crank angle and Ak denotes the cylinder pressure generated by the actual piston 

movement. The deviation of curve A from that line denotes the pressure increase due to 
fuel combustion. The first deviation from curve Ak is at point 12 and AP, denotes the 
pressure increase due to combustion of the first shot of fiiel injected via the nozzle 7. 
Point 13 denotes a deviation from this curve Ap and is the point where fiiel injected via 
15 tiie nozzle 6 also becomes involved in the combustion process. The result is a pressure 
difference AP2. The invention thus achieves a first pressure increase APj due to the. 
combustion of the homogeneous fiiel/air mixture and a corresponding temperature 
increase in the cylinder space, which temperature increase also causes reliable ignition of 
conventionally injected fiiel at an acceptable time, and it may in principle be said tfiat the 
20 ignition of this latter fiiel is shifted to ao earlier time. In such situations as cold starts, the 
combustion process may otherwise commence only long after the top dead centre point. 

The bottom curve in Fig.3 relates only to Uie crank angle scale of the diagram and 
indicates the injection valve's opening 14 and closing 15. between which tiie otiier shot of 
25 fiiel is injected via the nozzle 6. 

The invention may be varied within the scope of the claims, and in particular tiie ratio 
between tiie various "shots" referred to above may be adapted to cater for a variety of 
operating simations. It is nevertheless possible in principle to run wiUi a fixed 'Tiist fiiel 
30 quantity" throughout tiie operating range, in which case this quantity corresponds to the 
"no-load quantity", which is nomwlly equivalent to about 5-10% of the "fiiU-load 
quantity". 
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It is also possible to arrange the positioning and number of the injection nozzles 
according to the conditions prevailing in present-day engines. The configuration and 
positioning of the nozzle 6 and the relating fiiel circuit may be conventional, while the 
circuit pertainmg to the nozzle 7 may take the form of a very simple injection 
5 arrangement. 

It is also possible to supply a variety of fuels, which differ in how readily they ignite, to 
form the respective first and second "shots", while at the same time operation may be 
further optimised for various operating situations such as starting, cold starting, low load. 
10 medium-high load, high load. 

Experiments conducted with an engine operating according to the invention indicate that 
NO, and particle discharges will be lower than those from convenUonal diesel engines run 
on methanol fuel containing ignition improvers. Some reduction in fuel consumption 
15 may also be expected. 



as m 



It is preferred that the first "shot" be already supplied to the inlet air in the inlet line, 
the embodiment described, thereby ensuring homogenisation of the mixture, but it may 
also be supplied directly to the cylinder during the air inlet phase. Using a so^alled 

20 "common rail" injecUon system for the injector 6 makes it possible to achieve a 

homogeneous mixture by means of an extra injection at the appropriate time. The spray 
nozzle 7 may then be omitted. Such cases afford the advantage of being able to use the 
same injection nozzle(s). although a controllable injection system has to be used. It may 
also be conceivable to use two different sprays in the cylinder, one of them to supply the 

25 first "shot", the other to supply the second. 
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Patent claims 

1 . Method for fiiel injection in a four-stroke combustion engine of piston and 

cylinder type with compression ignition (1). whereby a controlled quantity of fiiel is 
5 supplied to the combustion chamber (2) for each working cycle, characterised in that a 
first "shot** of said controlled fiiel quantity is supplied during an air inlet phase in order to 
establish a homogeneous ftiel/air mixture, and that a second "shot" is supplied (6) to the 
combustion chamber (2) as injected fiiel for conventional initiation of ignition. 

10 2. Method according to claim 1, characterised in that the first "shot** of said 

controlled fiiel quantity is supplied (7) to the inlet air (4) before the combustion chamber 
(2). 

3. Method according to claim 1 or 2, characterised in that the ratio between 

15 the first and second "shots** is controlled on the basis of operating parameters (9) such as 
engine speed, load, engine temperature, accelerator pedal position and/or exhaust 
composition. 

4* Method according to claim 1, 2 or 3, characterised in that the ratio between 

20 the first and second "shots** is kept at about 1/20 to VIO. 

5- Method according to any one of the foregoing claims, characterised in that 

ethanol, methanol or diesel oil is used as fiiel. 

25 6. Combustion engine of piston and cylinder type with compression ignition 

(1), incorporating devices for supplying a controlled fiiel quantity to the combustion 
chamber for each working cycle, characterised in that it incorporates first devices (7,11) 
for supplying a first "shot" of said controlled fiiel quantity during an air inlet phase in 
order to establish a homogeneous fiiel/air mixture, and second devices (6,10) for 

30 supplying a second "shot" directly into the combustion chamber (2) as injected fiiel at the 
time for conventional initiation of ignition. 
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7. Arrangement according to claim 6, characterised in that the first "shot" of 

said controlled fuel quantity is arranged to be supplied to the inlet air (4) before the 
combustion chamber (2). 

5 8. Arrangement according to claim 6 or 7, characterised in that said first 

device includes a fuel nozzle (7) delivering into an inlet duct (4) leading to the cylinder. 

9. Arrangement according to claim 6, 7 or 8, characterised by a control unit 

(8) which, on the basis of operating parameters (9), is arranged to control the injection. 
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